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Description
[0001] This application makes reference to:
United States Application Serial No. 11/355,110, filed on February 15, 2006;
United States Application Serial No. 11/355,222, filed on February 15, 2006;
United States Application Serial No. 11/355,109, filed on February 15, 2006; and
United States Application Serial No. 11/355,111, filed on February 15, 2006.
FIELD OF THE INVENTION

[0002] Certain embodiments of the invention relate to wireless communication. More specifically, certain embodiments
of the invention relate to a method and apparatus for improving a noise power estimate in a wideband CDMA (WCDMA)
network.

BACKGROUND OF THE INVENTION

[0003] Mobile communications has changed the way people communicate and mobile phones have been transformed
from a luxury item to an essential part of every day life. The use of mobile phones is today dictated by social situations,
rather than hampered by location or technology. While voice connections fulfill the basic need to communicate, and
mobile voice connections continue to filter even further into the fabric of every day life, the mobile Internet is the next
step in the mobile communication revolution. The mobile Internet is poised to become a common source of everyday
information, and easy, versatile mobile access to this data will be taken for granted.

[0004] Third generation (3G) cellular networks have been specifically designed to fulfill these future demands of the
mobile Internet. As these services grow in popularity and usage, factors such as cost efficient optimization of network
capacity and quality of service (QoS) will become even more essential to cellular operators than it is today. These factors
may be achieved with careful network planning and operation, improvements in transmission methods, and advances
in receiver techniques. To this end, carriers need technologies that will allow them to increase downlink throughput and,
in turn, offer advanced QoS capabilities and speeds that rival those delivered by cable modem and/or DSL service
providers. In this regard, networks based on wideband CDMA (WCDMA) technology may make the delivery of data to
end users a more feasible option for today’s wireless carriers.

[0005] In the case of a WCDMA downlink, multiple access interference (MAI) may result from inter-cell and intracell
interference. The signals from neighboring base stations compose intercell interference, which is characterized by
scrambling codes, channels and angles of arrivals different from the desired base station signal. Spatial equalization
may be utilized to suppress inter-cell interference. In a synchronous downlink application, employing orthogonal spread-
ing codes, intra-cell interference may be caused by multipath propagation. Due to the non-zero cross-correlation between
spreading sequences with arbitrary time shifts, there is interference between propagation paths after despreading,
causing MAI. The level of intra-cell interference depends strongly on the channel response. In nearly flat fading channels,
the physical channels remain almost completely orthogonal and intra-cell interference does not have any significant
impact on the receiver performance. Frequency selectivity is common for the channels in WCDMA networks.

[0006] Mobile networks allow users to access services while on the move, thereby giving end users freedom in terms
of mobility. However, this freedom does bring uncertainties to mobile systems. The mobility of the end users causes
dynamic variations both in the link quality and the interference level, sometimes requiring that a particular user change
its serving base station. This process is known as handover (HO). Handover is the essential component for dealing with
the mobility of end users. It guarantees the continuity of the wireless services when the mobile user moves across cellular
boundaries.

[0007] WCDMA networks may allow a mobile handset to communicate with a multiple number of cell sites. This may
take place, for example, for a soft-handoff from one cell site to another. Soft-handoffs may involve cell sites that use the
same frequency bandwidth. On occasions, there may be handoffs from one cell site to another where the two cell sites
use different frequencies. In these cases, the mobile handset may need to tune to the frequency of the new cell site.
Additional circuitry may be required to handle communication over a second frequency of the second cell site while still
using the first frequency for communicating with the first cell site. The additional circuitry may be an undesirable extra
cost for the mobile handset. In addition, the mobile handset may require different transmit power to establish and maintain
a communication link with the new cell site. In a handoff scenario, the mobile handset may still be receiving a strong
signal from the current cell site and a weaker signal from the new cell site. In this regard, transmit power may have to
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be adjusted so that the handoff may be achieved and the mobile handset may begin to communicate with the new cell site.
[0008] Further limitations and disadvantages of conventional and traditional approaches will become apparent to one
of skill in the art, through comparison of such systems with some aspects of the present invention as set forth in the
remainder of the present application with reference to the drawings.

[0009] EP-A-1 821 423 which falls under Art. 54(3) EPC discloses a method and apparatus for processing transmit
power control commands in a WCDMA network. The calculation of a SNR of a downlink dedicated physical channel is
based on a plurality of transmit power control bits received via the downlink dedicated physical channel.

[0010] US 7006800 B1 discloses a SNR estimatorin WCDMA. The noise is estimated using a method which is different
to the method disclosed in present application.

BRIEF SUMMARY OF THE INVENTION

[0011] A method and/or apparatus for improving a noise power estimate in a wideband CDMA (WCDMA) network,
substantially as shown in and/or described in connection with at least one of the figures, as set forth more completely
in the claims.

According to an aspect of the invention, a method for signal processing is provided, the method comprising calculating
a total noise power estimate for a downlink channel based on a plurality of control channel bits from a plurality of different
types of control channels.

Advantageously, said plurality of control channel bits comprises at least two of: dedicated physical channel (DPCH)
transmit power control (TPC) bits, DPCH pilot bits, and common pilot channel (CPICH) bits.

Advantageously, the method further comprises calculating a first noise power estimate for said downlink channel based
on a plurality of said DPCH TPC bits, wherein a value of at least one of said plurality of DPCH TPC bits is not known
when said at least one of said plurality of DPCH TPC bits is received.

Advantageously, the method further comprises calculating a second noise power estimate for said downlink channel
based on a plurality of said DPCH pilot bits.

Advantageously, the method further comprises calculating said total noise power estimate for said downlink channel
based on said calculated first noise power estimate and said calculated second noise power estimate.
Advantageously, the method further comprises:

scaling said calculated second noise power estimate utilizing a scaling factor that is function of a number of TPC
bits per slot to yield a scaled second noise power estimate; and

summing said first noise power estimate and said scaled second noise power estimate to yield said total noise
power estimate.

Advantageously, the method further comprises calculating a third noise power estimate for said downlink channel based
on a plurality of said CPICH bits.

Advantageously, the method further comprises calculating said total noise power estimate for said downlink channel
based on said calculated first noise power estimate, said calculated second noise power estimate, and said calculated
third noise power estimate.

Advantageously, the method further comprises summing portions of said plurality of DPCH TPC bits that are received
via said downlink channel to generate an in-phase (I) component and a quadrature (Q) component.

Advantageously, the method further comprises:

subtracting said generated | component and said generated Q component to determine said first noise power
estimate for said downlink channel; and

squaring said subtracted | component and said generated Q component to determine said first noise power estimate
for said downlink channel.

Advantageously, the method further comprises summing said squared | component and said generated Q component
over a plurality of TPC symbols to determine said first noise power estimate for said downlink channel wherein said
plurality of TPC symbols is one half of said plurality of DPCH TPC bits per slot of said downlink channel.
Advantageously, the method further comprises:

calculating a norm of said summed | component and said generated Q component by dividing said sum of said
squared | component and said generated Q component by a number of said plurality of DPCH TPC bits per slot of
said downlink channel to determine said first noise power estimate for said downlink channel wherein said plurality
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of TPC symbols is one half of said plurality of DPCH TPC bits per slot of said downlink channel.
Advantageously, the method further comprises:

calculating a mean of said plurality of DPCH pilot bits that are received via said downlink channel to yield a
mean square estimate;

calculating a mean of a power of said plurality of DPCH pilot bits that are received via said downlink channel
to yield a mean power estimate; and

subtracting said mean square estimate from said mean power estimate to determine said second noise power
estimate for said downlink channel.

Advantageously, the method further comprises adjusting transmit power of a transmitter when said transmitter commu-
nicates via said downlink channel based on said total noise power estimate.

According to an aspect of the invention, a system for signal processing is provided, the system comprising circuitry that
enables calculation of a total noise power estimate for a downlink channel based on a plurality of control channel bits
from a plurality of different types of control channels.

Advantageously, said plurality of control channel bits comprises at least two of: dedicated physical channel (DPCH)
transmit power control (TPC) bits, DPCH pilot bits, and common pilot channel (CPICH) bits.

Advantageously, said circuitry enables calculation of a first noise power estimate for said downlink channel based on a
plurality of said DPCH TPC bits, wherein a value of at least one of said plurality of DPCH TPC bits is not known when
said at least one of said plurality of DPCH TPC bits is received.

Advantageously, said circuitry enables calculation of a second noise power estimate for said downlink channel based
on a plurality of said DPCH pilot bits.

Advantageously, said circuitry enables calculation of said total noise power estimate for said downlink channel based
on said calculated first noise power estimate and said calculated second noise power estimate.

Advantageously:

said circuitry enables scaling of said calculated second noise power estimate utilizing a scaling factor that is function
of a number of TPC bits per slot to yield a scaled second noise power estimate; and

said circuitry enables summing of said first noise power estimate and said scaled second noise power estimate to
yield said total noise power estimate.

Advantageously, said circuitry enables calculation of a third noise power estimate for said downlink channel based on
a plurality of said CPICH bits.

Advantageously, said circuitry enables calculation of said total noise power estimate for said downlink channel based
on said calculated first noise power estimate, said calculated second noise power estimate, and said calculated third
noise power estimate.

Advantageously, said circuitry enables summing of portions of said plurality of DPCH TPC bits that are received via said
downlink channel to generate an in-phase (I) component and a quadrature (Q) component.

Advantageously:

said circuitry enables subtraction of said generated | component and said generated Q component to determine
said first noise power estimate for said downlink channel; and

said circuitry enables squaring of said subtracted | component and said generated Q component to determine said
first noise power estimate for said downlink channel.

Advantageously, said circuitry enables summing of said squared | component and said generated Q component over
a plurality of TPC symbols to determine said first noise power estimate for said downlink channel wherein said plurality
of TPC symbols is one half of said plurality of DPCH TPC bits per slot of said downlink channel.

Advantageously, said circuitry enables calculation of a norm of said summed | component and said generated Q com-
ponent by dividing said sum of said squared | component and said generated Q component by a number of said plurality
of DPCH TPC bits per slot of said downlink channel to determine said first noise power estimate for said downlink channel
wherein said plurality of TPC symbols is one half of said plurality of DPCH TPC bits per slot of said downlink channel.
Advantageously:

said circuitry enables calculating of a mean of said plurality of DPCH pilot bits that are received via said downlink
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channel to yield a mean square estimate;

said circuitry enables calculation of a mean of a power of said plurality of DPCH pilot bits that are received via said
downlink channel to yield a mean power estimate; and

wherein said circuitry enables subtraction of said mean square estimate from said mean power estimate to determine
said second noise power estimate for said downlink channel.

Advantageously, said circuitry enables adjusting of transmit power of a transmitter when said transmitter communicates
via said downlink channel based on said total noise power estimate.

[0012] These and other advantages, aspects and novel features of the present invention, as well as details of an
illustrated embodiment thereof, will be more fully understood from the following description and drawings.

BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS

[0013] FIG. 1Aisanexemplary diagramillustratinga WCDMA handset communicating with two WCDMA base stations,
in accordance with an embodiment of the invention.

[0014] FIG. 1B is a block diagram of an exemplary radio frame format of a downlink dedicated physical channel
(DPCH), in accordance with an embodiment of the invention.

[0015] FIG. 1C is a block diagram of an exemplary radio frame format of a common pilot channel (CPICH), which may
be used in accordance with an embodiment of the invention.

[0016] FIG. 1D is a block diagram of an exemplary modulation pattern for a common pilot channel (CPICH), which
may be used in accordance with an embodiment of the invention.

[0017] FIG. 2Ais a block diagram illustrating determination of reliability weights in a WCDMA network, in accordance
with an embodiment of the invention.

[0018] FIG. 2B is a block diagram illustrating determination of a first noise power estimate in a WCDMA network, in
accordance with an embodiment of the invention.

[0019] FIG. 2C is a block diagram illustrating determination of a second noise power estimate in a WCDMA network,
in accordance with an embodiment of the invention.

[0020] FIG. 2D is a block diagram of a noise power extraction block, which may be used in accordance with an
embodiment of the invention.

[0021] FIG. 2E is a block diagram illustrating determination of a total noise power estimate, in accordance with an
embodiment of the invention.

[0022] FIG. 3 is a flowchart illustrating exemplary steps for determining a total noise power estimate in a WCDMA
network, in accordance with an embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0023] Certain embodiments of the invention may be found in a method and apparatus for improving a noise power
estimate in a wideband CDMA (WCDMA) network, and may include calculating a total noise power estimate for a
downlink channel based on a plurality of control channel bits from a plurality of different types of control channels. The
plurality of control channel bits may comprise at least two of: dedicated physical channel (DPCH) transmit power control
(TPC) bits, DPCH pilot bits, and common pilot channel (CPICH) bits. A first noise power estimate may be calculated for
the downlink channel based on a plurality of the DPCH TPC bits. A value of at least one of the plurality of DPCH TPC
bits may not be known when the at least one of the plurality of DPCH TPC bits is received. A second noise power
estimate may be calculated for the downlink channel based on a plurality of the DPCH pilot bits. The total noise power
estimate may be calculated for the downlink channel based on the calculated first noise power estimate and the calculated
second noise power estimate.

[0024] The generated | component and Q component may be subtracted to determine the first noise power estimate
for the downlink channel. The subtracted | component and the generated Q component may be squared to determine
the first noise power estimate for the downlink channel. A third noise power estimate may be calculated for the downlink
channel based on a plurality of the CPICH bits. The total noise power estimate may be calculated for the downlink
channel based on the calculated first noise power estimate, the calculated second noise power estimate, and the
calculated third noise power estimate. 13. A mean of the plurality of DPCH pilot bits that are received via the downlink
channel may be calculated to yield a mean square estimate. A mean of a power of the plurality of DPCH pilot bits that
are received via the downlink channel may be calculated to yield a mean power estimate. The mean square estimate
may be subtracted from the mean power estimate to determine the second noise power estimate for the downlink channel.
[0025] FIG. 1Aisanexemplarydiagramillustratinga WCDMA handset communicating with two WCDMA base stations,
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in accordance with an embodiment of the invention. Referring to FIG. 1A, there is shown a mobile handset or user
equipment 120, a plurality of base stations BS 122 and BS 124, and a plurality of radio links (RL), RL4 and RL, coupling
the user equipment 120 with the base stations BS 122 and BS 124, respectively. The user equipment 120 may comprise
a processor 142, a memory 144, and a radio 146. The radio 146 may comprise a transceiver (Tx/Rx) 147.

[0026] In accordance with an embodiment of the invention, methods for processing transmit power control (TPC)
commands disclosed herein may apply to diversity and non-diversity wireless systems. Diversity wireless systems may
comprise space-time transmit diversity (STTD), closed loop 1 (CL1), and closed loop 2 (CL2) wireless systems. In one
embodiment of the invention, user equipment (UE) may be enabled to receive TPC commands transmitted on a downlink
DPCH from one or more radio links. The received TPC commands may be combined in a weighted fashion, and a final
TPC decision may be generated depending on whether to increase or decrease the user equipment transmit power. In
this regard, a reliability factor may be determined for each of the received TPC commands based on a signal-to-noise
ratio (SNR) measurement. The reliability factor may then be used to compute a weighted sum of the multiple received
TPC commands, thereby yielding an accumulated TPC command. The sign of the accumulated TPC command may be
used to determine whether to increase, decrease or maintain the transmit power.

[0027] Uplink power control (PC) is of paramount importance for CDMA-based systems because the capacity of such
a system is a function of the interference level. The power transmitted by all active user equipments (UE) within a network
may be controlled to limit interference levels and alleviate well-known problems such as the "near-far" effect. If there is
more than one user active, the transmitted power of non-reference users is suppressed by a factor dependent on the
partial cross-correlation between the code of the reference user and the code of the non-reference user. However, when
a non-reference user is closer to the receiver than the reference user, it is possible that the interference caused by this
non-reference user has more power than the reference user also referred to as the "near-far" effect. There are two types
of power-control techniques. Open-loop power-control where each user equipment measures its received signal power
and adjusts its transmit power accordingly and closed-loop power-control where an active radio link (RL) measures the
received signal power from all user equipments and simultaneously commands the individual user equipments to raise
or lower their transmit uplink power such that the received signal-to-noise ratio (SNR) from all user equipments at the
radio links is the same.

[0028] The processor 142 may communicate and/or control a plurality of bits to/from the base stations BS 122 and
BS 124. The memory 144 may comprise suitable logic, circuitry, and/or code that may store data and/or control infor-
mation. The radio 146 may comprise transmit circuitry and/or receive circuitry that may be enabled to calculate a signal-
to-noise ratio (SNR) and/or a noise power estimate of a downlink dedicated physical channel (DPCH) based on a plurality
of transmit power control (TPC) bits and/or a plurality of dedicated pilot bits received via the downlink dedicated physical
channel (DPCH), where the plurality of TPC bits may not be known when they are received. The radio links that belong
to the same radio link set may broadcast the same values of transmit power control (TPC) bits. The radio links that
belong to different radio link sets may broadcast different TPC bits. The user equipment 120 may receive TPC bits via
multiple radio links, for example, RL; and RL, simultaneously. In a handover situation, the user equipment 120 may
simultaneously receive signals from multiple radio link sets.

[0029] The WCDMA specification defines the physical random access channel (PRACH) for mobile phone uplinks
and the acquisition indicator channel (AICH) for BTS downlinks. Communication is established when the user equipment
120 completes its search for a base station, for example, BS 122 and synchronizes its PRACH uplink signal with the
BTS AICH downlink signal. When operating properly, the base station recognizes a PRACH preamble from the user
equipment 120 and responds with an AICH to establish a communication link. The user equipment 120 may use the
PRACH to transmit its setting of its open loop power control to the base station 122. Incorrect data in the PRACH
preamble or problems with the signal quality may cause missed connections, disrupt the capacity of the cell or prevent
response from the base station 122.

[0030] FIG. 1B is a block diagram of an exemplary radio frame format of a downlink dedicated physical channel
(DPCH), in accordance with an embodiment of the invention. Referring to FIG. 1B, there is shown a radio frame format
102, with a time period T; equal to 10 ms, for example. The radio frame 102 may comprise a plurality of slots, for example,
15 slots. Each of the slots in the radio frame 102, for example, slot # i 104 may comprise a plurality of dedicated physical
data channels (DPDCH) and a plurality of dedicated physical control channels (DPCCH). The time period of each slot
in the radio frame 102, for example, time period of slot # i may be equal to 10 * 2k bits, where k=0...7, for example.
[0031] The DPDCH is a type of downlink channel, which may be represented as an I/Q code multiplexed within each
radio frame 102. The downlink DPDCH may be utilized to carry data, for example, data 1 154 comprising Ny, bits
and data 2 160 comprising N4 bits. There may be zero, one, or a plurality of downlink dedicated physical data channels
on each radio link.

[0032] The DPCCH is a type of downlink channel, which may be represented as an I/Q code multiplexed within each
radio frame 102. The downlink DPCCH may be utilized to carry control information generated at the physical layer. The
control information may comprise a transmit power control (TPC) block 156 comprising Npc bits per slot, a transport
format combination indicator (TFCI) block 158 comprising Ny¢¢ bits per slot and a pilot block 162 comprising Ny bits
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per slot.

[0033] Unlike the pilot bits 162 which are known a priori, that is, they are known when received by a receiver, the TPC
bits 156 may be known or unknown when they are received. The term "a priori" means "formed or conceived beforehand."
The phrase "not known" means that when some or all of the TPC bits are received at the receiver, the receiver cannot
determine their actual values, and may need to determine the quality of the channel in order to determine whether the
TPC bits are valid or not. Accordingly, various embodiments of the invention utilize channel quality to determine whether
the TPC bits are valid or invalid. Therefore, conventional methods of computing a signal-to-noise ratio (SNR) metric
based on multiplying the received signal by an a known sequence may not be used here.

[0034] In an embodiment of the invention, the quality of the downlink control channel transmitted with the downlink
dedicated physical channel (DPCH) may be determined. Within one downlink DPCH, dedicated data may be transmitted
in time- multiplex manner with control information. The control information may comprise pilot bits, transport format
combination indicator (TFCI) bits and transmit power control (TPC) bits.

[0035] The userequipment 120 may be enabled to estimate the quality of reception of the TPC bits. The user equipment
120 may be, for example, a handheld phone or a wireless card in a laptop computer, for example. If the TPC bits are
received under reliable channel conditions, they may be demodulated correctly by the user equipment 120, which in
turn may detect correctly the power control commands sent down by the serving radio link, and adjust its transmit power
appropriately, thereby avoiding interference. On the other hand, if the TPC bits are received under poor channel con-
ditions, the TPC commands may be decoded incorrectly by the user equipment 120, which in turn may be transmitting
inappropriate transmit power levels, creating undesirable interference and limiting the system capacity.

[0036] In another embodiment of the invention, in instances when multiple RL sets are active, such as RL1 and RL2,
multiple TPC commands may be received at the user equipment 120. The TPC commands derived from RL1 and RL2
may comprise TPC bits, such as TPC bits 156. In addition, the received TPC bits from the multiple RL sets may be
combined to determine a final TPC command for the user equipment 120. The final TPC command may be used by the
user equipment 120 to make a decision as to whether to increase or decrease its transmit power by a determined step size.
[0037] Since some TPC commands may be received by the user equipment 120 under better channel conditions than
others, a different weight value may be assigned to each TPC command in a radio link set. In this regard, a reliability
factor may be determined for each of the one or more TPC commands received by the user equipment 120 based on
a signal-to-noise ratio measurement, for example. The reliability factor may be used to compute a weighted sum of the
multiple received TPC commands, resulting in the accumulated final TPC command. In addition, the reliability factor of
each received TCP command may be compared to a threshold value. If the reliability factor for a particular received
TCP command is lower than the threshold value, the reliability factor and the TCP command may not be used in the
calculation of the final TCP command The sign of the final TPC command may be used to determine whether to step
up or down the transmit power of the user equipment 120.

[0038] FIG. 1C is a block diagram of an exemplary radio frame format of a common pilot channel (CPICH), which may
be used in accordance with an embodiment of the invention. Referring to FIG. 1C, each of the CPICH slots in the radio
frame 100c, for example, slot # i 100i may comprise a fixed rate (30 kbps, SF=256) downlink physical channel that
carries a pre-defined bit sequence.

[0039] FIG. 1D is a block diagram of an exemplary modulation pattern for a common pilot channel (CPICH), which
may be used in accordance with an embodiment of the invention. Referring to FIG. 1D, there is illustrated the exemplary
modulation pattern 100d for the CPICH 100c of FIG. 1C. In instances when transmit diversity is utilized on any downlink
channelin the cell, such as open loop or closed loop transmit diversity; the CPICH may be transmitted from both antennas
using the same channelization and scrambling code, for example. In this regard, the pre-defined bit sequence of the
CPICH may be different for Antenna 1 and Antenna 2, as illustrated in FIG. 1D. In instances when no transmit diversity
is utilized, the bit sequence of Antenna 1 in FIG. 1D may be utilized.

[0040] FIG. 2Ais a block diagram illustrating determination of reliability weights in a WCDMA network, in accordance
with an embodiment of the invention. Referring to FIG. 2A, there is shown a plurality of TPC extraction fingers for a given
radio link (RL), for example, TPC extraction finger i 202 through TPC extraction finger j 204, a plurality of summing
blocks 206, 208, 210, 214, 216, 226 and 234, a plurality of squaring blocks 212 and 228, a multiplier 218, a plurality of
divider blocks 220 and 230, a plurality of averaging blocks 222 and 232 and a reliability weight generator block 224.
[0041] The signal-to-noise ratio (SNR), or equivalently the signal and noise power components of the TPC command
received from a given radio link set, may be computed. A receiver technique that uses several baseband correlators to
individually process several signal multipath components, for example, a rake receiver may be utilized. The correlator
outputs also known as fingers may be combined to achieve improved communications reliability and performance.
[0042] United States Application Serial No. 11/173871, filed June 30, 2005, provides a detailed description of a RAKE
receiver, and is hereby incorporated herein by reference in its entirety.

[0043] In a multipath-fading environment, a receiver structure may assign fingers to the multiple received paths, for
example, TPC extraction finger i 202 and TPC extraction finger j 204. Those fingers belonging to the same radio link
(RL) set may be summed by the summing block 206 to generate TPC_|_finger_sum (k) and TPC_Q_finger_sum (k)
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where k is index of the RL set.

[0044] For signal power, the value of the TPC bits may not be known a priori but all TPC bits received within a slot
may have the same value. Therefore, by adding the | and Q components, the signal portion may add itself coherently,
while the noise may add itself incoherently. This effect in a noise reduction and the signal power may be extracted. The
i-th received TPC bit at a given slot and finger j may be expressed as:

TPC _bit, = ,/S;’C [ + real (4;n,) S (1)

where Stpc may be the signal power, S,,; may be the value of the TPC bit and may be either + or -1, hj may be the
complex channel gain at fingerjand n;; may be a complex random variable representing the noise component of variance

denoted by oc Z,h I

kej

lor may be the total transmit power spectral density of the downlink signal at the base station antenna connector. /,
may be the power spectral density of a band limited white noise source (simulating interference from cells) as measured
at the UE antenna connector. The fingers corresponding to the radio links belonging to the same RL set together may
be summed according to the following equation:

IPC_bit - /.‘S;T;st'ZIhjl +Z§$I(h n) @)

The TPC command may be the sum of the set of received TPC bits within a slot. Depending on the slot format, the
number of TPC bits per slot, denoted by num_tpc may change.

‘ num_tpc/ ' ' '
TPC _cmd = num tpc,’—-—sb'ZIhl + f 2Zreal(h n,j)+tmag(h n)  (3)

S R o )
TPC _ cmd = num tpc | ' +|- f Zreal(h;n,].)+imag(h;n,j)') (4.)
_ 1 J _ _
where
Mf Zreal(h j)+xmag(h nj)) —MZ| l I +1 Zlh [ ]

The SNR of TPC command to be estimated may be:

: 2
A Stec Zlhllz . o o
SNRp¢ omg = 1Um _pc ! ' ‘ - (5)

Sk 1.+ LY ]
J . kej
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[0045] The TPC bits may be received on | and Q components, composing a symbol. For example, if the total number
of bits within a slot is equal to 2, TPC_bit; may be received on the | component as TPC,4, and TPC_bit, may be received
on the Q component as TPC,. If the total number of bits within a slot may be equal to num_tpc, there may be num_
tpc/2 | components and num_tpc/2 Q components.

[0046] The TPC bits (I and Q) may be summed by summing blocks 210 and 226 to generate TPC_sum (k), where
num_tpc may be the number of TPC bits per slot and k is the index of a given Radio Link set. The generated sum TPC_
sum (k) may be squared by the squaring block 228 to generate TPC_sum_sqr (k) and a new estimate may be obtained
once per slot. The generated TPC_sum_sqr (k) may be divided by the number of TPC bits by the divider block 230 to
generate TPC_sum_sqr_norm (k) according to the following equation: TPC_sum_sqr_norm (k) = TPC_sum_sqr (k) /
num_tpc The generated norm TPC_sum_sqr_norm (k) may be averaged over a given time window by the averaging
block 232 to generate TPC_sum_sqr_avg (k). An integrate-and-dump method, or an IIR filter may be utilized to carry
out the averaging operation, for example.

[0047] Inanembodimentofthe invention, the signal power StpC may be computed according to the following equations:

! o » . num 12 S 2 » . ) ' .
TPC‘:sum_.s"qr_'-nonn-——( f TPC,+TPC,, ) . .TT(8)
S num _tpc =1 S
In additive white gaussian noise (AWGN),
e = [TPC_,s‘um_Asqr_norm]=—2—num_tpc+-2— _ (7.)
In flat fading,
o Sepe 1,14 . I, 2 o
Spe = E[TPC___sum__sqr__norm]=——2—|h| num_tpc+—2—lh| Cor (8

where h may be the complex channel gain at the finger.
In space time transmit diversity (STTD) flat fading,

m=] m=1

—E[TPC sum _sqr_ norm]—T(Z|h l ) num tpc+—(2|h l ) (9.)

where h,, is the complex channel gain corresponding to transmit antenna m in the base station.
In closed loop 1 (CL1) flat fading,

i ;"E[TPC_SV’”‘—S‘IT" ﬁérM]=Sf||”n +wh,|' num tpc+———||hl +why| (10.)

where h; and h, are the complex channel gains from the base station transmit antennas 1 and 2 and w is a weight.
In closed loop 2 (CL2) fading,

Spe = E[TPC _sum _sqr _norm]= LSET""’"w,h, +wyhy | nim tpc+——||w,h, + thz" ' (1 1.)

where h; and h, are the complex channel gains from the base station transmit antennas 1 and 2 and W, and w, are weights.
[0048] In another embodiment of the invention, the signal power estimate may be further improved by computing
Stpc_avg (k) using the summer block 234 according to the following equation:
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Sfp;i_an (k) = TPC_sum;sqr_avg (k) - Ntpc_avg (k) B (12.)

where Ntpc_avg (k) may be the noise power estimate.

[0049] Analternative embodiment of the invention may implement a different calculation of the signal power by squaring
all TPC bits (I and Q). The squared TPC bits may be summed to generate TPC_sum_sqr (k) and a new estimate may
be obtained once per slot. The generated TPC_sum_sqr (k) may be divided by the number of TPC bits to generate
TPC_sum_sqr_norm (k) according to the following equation:

TPC_sum_sqr_norm (k) = TPC_sum_sqr'(k) / num_tpc (13.)

The generated norm TPC_sum_sqr (k) may be averaged over a given time window to generate TPC_sum_sqr_avg (k).
[0050] Inanembodimentofthe invention, the signal power Sy, may be computed according to the following equations:

L ™S rpcietPC,t . (14)

TPC _sum_sqr_ norm = —————
. ' o num _ tpc il

Spe 1

.§'mc éE[TPC_sum_sqr_norm]=T"°+—;- " (15.)

[0051] In another embodiment of the invention, the signal power estimate may be further improved by computing
Stpc_avg(k) according to the following equation:

Stpc_avg(k) = TPC_sum_sqr_avg (k). — Ntpc_avg(k) .  (16)

and may be scaled by the average number of TPC bits over the averaging time period according to the following equation:

Stpc_avg(k)'= Stpc:_avg(k) * num_tpc_avg(k) NTA)

where num_tpc may vary from slot to slot.

[0052] For noise power, the value of the TPC bits may not be known a priori but all TPC bits received within a slot
may have the same value. Therefore, by subtracting the | component from the Q component or vice-versa, the signal
portion may cancel itself out, leaving the residual noise.

[0053] In an embodiment of the invention, the noise power may be computed from TPC bits only. The sign bit on both
the | and Q components of the TPC symbol may be the same. Therefore for each symbol,

ZPC,‘—Z?CQ =n,—n, ' R S (18.)
. num tpc’ num_tpc ,
Since there are —2;— symbols per slot, there may be —2"—- noise samples per slot. In AWGN, the noise

power estimate may be generated according to the following equation:
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J\/m:}s[mztpd2 (Tﬁé,; _1PC,)’ J = E[Mflz(n,; iy )2]  num_tpe %‘ (19)

= . i=1

In flat fading, the noise power estimate may be generated according to the following equation:

]cf,pc ;Ihlznum_tpc--[ii | ' A R | -(20.)

In STTD flat fading, the noise power estimate may be generated according to the following equation:

m=]

ﬁw(ilhml’)ﬁum_mc-% e

In CL1 flat fading, the noise power estimate may be generated according to the following equation:

Ny =lpewhfmum_pe-= . (22)

In CL2 fading, the noise power estimate may be generated according to the following equation:
N = i, +w hz"2 num tpc-IL‘ o - (23))
Soe it 2 -2 A L )

[0054] The TPC bits may be subtracted from each other (I - Q) by the summing block 208. The subtracted TPC bits
may be squared by the squaring block 212 to generate TPC_sqr_diff (k). The squared difference TP_C sqr_diff (k) may
be summed by the summing block 214 over the number of TPC symbols, where the number of symbols per slot may
be equal to num_tpc/2 to generate Ntpc (k) and a new estimate may be obtained once per slot. The sum Ntpc (k) may
be divided by the number of TPC bits by the divider block 220 to generate Ntpc_norm (k) according to the following
equation:

thc_;horm (k) = N:t:pch(k)/num_tpc o e (242)

The generated norm Ntpc_norm (k) may be averaged by the averaging block 222 over a given time window to generate
Ntpc_avg(k).

[0055] An alternative embodiment of the invention may improve the accuracy on the noise power estimate. The noise
power may be computed based on the TPC bits received within a slot. For slot formats with a small number of TPC bits
per slot, for example, 2 TPC bits per slot, the variance of the noise power estimate may be quite large. This embodiment
improves the noise estimate by augmenting the noise estimated from TPC bits by other sources of noise estimates. By
adding extra samples of noise estimates for a given slot and averaging over the total number of noise samples available,
the variance of the estimate may be reduced or the estimate may be more accurate.

[0056] Inanexemplary embodiment of the invention, the noise estimate may be augmented from the estimate obtained
from the reception of the dedicated pilot bits (block 162 on Fig. 1 B), or the common pilot bits (CPICH). A scaling factor
denoted by A, between the outsourced noise power estimate Nout and the noise power estimate from the TPC bits may
be used, and the improved noise estimate Ntpc_aug (k) may be computed using the multiplier 218 according to the
following equation:

11
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Ntpc_aug (k) = (Ntpc (K) + A* Nout(k)) / 2 ' . (25)

A'is a scaling factor that may be dependent upon the number of TPC bits per slot.

[0057] In an embodiment of the invention, the noise power may be computed from a combination of TPC bits and
pilot bits. In a non-diversity flat fading case, the soft value of each of the dedicated pilot bits at each slot on may be
obtained from the hardware and the i-th pilot symbol may be represented by the following equation:

.z,' = »/LS'!:’ZE—Dx, |h|2+n,h' S ‘ o (26.)

The number of dedicated pilot bits per slot may be denoted by num_ded and all num_ded / 2 dedicated pilot symbols
may be stacked in a vector according to the following equation:

S, 2 ' ' :
2= 22 |H x+n ‘ o (27)
where n’ may be the post-combining noise of the power to be estimated.

T . .
The pilot symbol sequence X - =[xo,x|,x2," *s X pum - ded l} may be known a priori, and it may be possible to find
. . L2

an orthogonal sequence Y =| Yos Y15 V23" "5 Y pum_ded ) " such that

Yix=0 . o o (28)

Since the pilot symbols are comprised of -1s and 1s, the sequence in y may be also comprised of -1s and 1s. Multiplying
the received symbols z by yH involves a sign change manipulation on the received | and Q and results in the following
equation:

yz=y"n - (29.)
The variance of n” may be expressed by the following equation:

o':.=|h|2 Ix.zE[n;n,'_'],i=O,...,M-1- | » .(30--)A

2

If the orthogonal sequence y may be normalized such that
y y=1 ] _ (31

Then the variance of y" n’ may be expressed as:
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— _._‘ - - p- oH- . ) P . P " —_
y'nn yl|=o, . : (32.)
From equation (25.), the noise power from TPC bits may be expressed as:
N =Wmm pede - (33
e —-| | num_tpc-——i . . P ( J)
Total noise estimate may be expressed as:
~ (5 num_tpc , - ' ,
N=(Nw+——7——-a",)/2 (34.)

[0058] In the case of flat fading, STTD with the number of pilot bits > 2, the soft value of each dedicated pilot bits at
each slot may be obtained. The i-th received dedicated pilot symbol for antenna 1 may be equal to:

2 =4 "T—D(xuhl +x21h2)hl +nlhl (35-)
Similarly for antenna 2,

._zzr=v Lg_l:f_o(xlihl*'x’zrhz)}’;fnih; o o (36.)

All num_ded/2 dedicated pilot symbols may be stacked in a vector according to the following equations:

g’i;\’SZED (’_clhl'*"lzhz)hl.""lll A | (37.)
‘.5,1=\"'/S‘ff° (znlh.|2+zz'5h°)+nl' o (38.)

R R [+ N S

and

zz:=,’A-‘%‘l[zl zz]I}ZFw, = (40.)

[0059] The pilot symbol sequences x4 and x, are known a priori and it may be possible to find an orthogonal sequence

13
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yT such that
jz”_;l =0 and Z"_x_z =0 | (41.)

H H ‘ .
Yizy=y'm and y 'z, =y"n, : (42.)
The variance of n’y may be

num _ded

o =:Ihlf ia;.=E'[»z;,rz;;], i=0,., B2, | IR
and
a_:i =:‘th|2]0¢' o _ . (44.)
If the orthogonal sequence y may be normalized such that
zﬂz =1 ‘ ' (45.)
Then the variance of yHn;" may be
'IE:'[ZH'Q,'QJ'HZ]=O':;, i;—.l,2 o S | (46.)

In this regard, the noise power from the dedicated pilot bits may be obtained by the following equation:

2|+ af = o3+ =( +f )1 - BERCAY

From equation (32) the noise power from TPC bits may be

N, = (z;lhm|2)num_(pc-—‘é'i A o (48.)
Total noise estimate may be:

S . I - ’ . ;
AN.?(NWEEE%E'(UQWQ))/Z e

[0060] When the number of pilot bits = 2, the 2 pilot bits broadcast by antenna 2 precede the last two bits of the data2
field. The pilot bits may be STTD-encoded with the data and, therefore, may need to be retrieved post-STTD decoding.
The hardware may be provisioned to extract pilot bits at the output of the combiner, post-STTD decoding. The pilot
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symbol obtained post-STTD decoding may be:

. "”"x.ZIhI+Z me o | (50.)

m=l m=1

where x, may be the known pilot symbol sent from antenna 1 and

()]t

pllotI Re(z) DED uqz;|h| +Re(z; ) ' . (51)
szotQ Im(z) = DED MZIhI +Im(z m] : , - (52.)

The hardware multiplies pilot | and pilot Q by Iseq and Qseq respectively and generates the 2 bits. The noise power may
be calculated by the following equations:

d',f_:,(pilotl - pilotQ)’ | ' . (53.)

o2 = (|Af +A[) L. B (54.)

The total noise estimate may be expressed as:

B = (e P52 )2 S (ss)

[0061] In the case of CL1 flat fading, the soft value of each dedicated pilot bits at each slot on a per-finger basis may
be obtained from the hardware.

.| Spep ' ' S
2= x] wih +;;. o e, 889
And
Ez .='_ SDED [{l _X_zl hlhz2 +-,’121 e Il (57)

V4 wlh|
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The weight w may be known in the firmware,

e Bomr. (] +whE
Z2=Zi+w z, = X, X - 2,. 12
| Vo4 [ ]wh,hz+lwl ||

Multiplying z by the orthogonal sequence y,

! . ’
+n +wn,

yz=y" (a. +W.ﬂz')r

(
: - nghy nyh,
yiz=y" S P
B (LSR5 B SR
\ 2 )
n, (h,'+w"hz')
H H ) . °
L ETE c 1172 Zen
| ,.'w',,_de;{ l(ﬁ,‘+w‘}§)
L 2 i
The variance of n.; may be
R v num_ded
0;:; ="h| +whz"2 Ix.é.E‘[ndl,nd“], 1=0,_,,,WL£€__1 :
2
e =,

From equation (27.) the noise power from TPC bits may be

o : I
Ny =t + b mum_ipe-=<-

Total noise estimate may be:
~ (~  num_tpc. '
N =(qu +___i.a-3 )/2
2 <l

[0062]

16

.

(59.)

" (58.).

(60.)

(61.)

(63.)

(64.)

" (65.)

In the case of CL2 fading, the same pilot pattern may be used on both the antennas.

(62)
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= b ) (66)

All num_ded / 2 dedicated pilot symbols may be stacked in a vector according to the following equations:

2 = \/S_ZE‘Q(Wl h, +W2hz)£h1‘ +H1I | | | (67.)

A i ULRAC S 2

The weights w,, and w, are known in the firmware,

z=wz+Wwz, . o (69)

o= S h owhf g i, @)

Multiplying z by the orthogonal sequence y,

b o =, =|wh+wf L, N (<D

From equation (34.) the noise power from TPC bits may be
M= i L (@2
e = Wi+ Wik num_-tpc-—z— . o (72)

Total noise estimate may be:

N=(ﬁw+——"“’”—’pc.aj )/2 - (73)
- 2 Zd2 EN

[0063] The various embodiments of the invention described above may yield a TPC command signal and noise power
estimate for each one of a plurality of radio link sets. The signal and noise power estimate may be updated periodically,
for example, at the rate of once per slot. In one embodiment of the invention, a TPC command signal and noise power
estimate may be used to determine a reliability weight value corresponding to the received TPC command. A total or
accumulated TPC command may then be determined based on the received TPC commands for each one of the
pluralities of radio link sets and the corresponding reliability weights for each of the TPC commands. Transmit power
may then be adjusted based on the determined total TPC command. For example, if the sign of total TPC command is
negative, the transmit power may be decreased, and if the sign of total TPC command is positive, the transmit power
may be increased.

[0064] Inanotherembodiment of the invention, user equipment within a wireless communication network, may estimate
the noise power of a dedicated DPCH. The estimated noise power may then be utilized by the user equipment to adjust
transmit power and improve signal processing within the wireless communication network. The total noise power of the
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dedicated DPCH may be estimated utilizing, for example, a first noise power estimate and a second noise power estimate.
In this regard, the first noise power estimate may be generated utilizing TPC bits, and the second noise power estimate
may be generated utilizing pilot bits. The TPC bits and the pilot bits may be part of control information communicated
to the user equipment via the dedicated DPCH.

[0065] United States Patent Application Serial No. 11/355,110 describes exemplary steps that may be utilized to
calculate a signal power estimate and a noise power estimate of the DPCH, and is hereby incorporated by reference in
its entirety.

[0066] The estimation of channel quality statistics (such as signal-to-noise ratio (SNR)) at the receiver end of the
mobile handset is of paramount importance as the knowledge of such statistics allows the handset to control its behavior
under a variety of conditions. Typically, the SNR is estimated based on the reception of certain control bits sent on the
downlink channel(s). Specifically, the knowledge of the SNR corresponding to the TPC bits allows the handset to (a)
adjust its transmit power, (b) decide whether it is in an in-synchronization or out-of-synchronization situation and (c)
combine the TPC commands coming from various serving base stations in a weighted fashion where each weight may
be a function of the calculated SNR(s). Alternatively, the knowledge of the SNR corresponding to the DPCH dedicated
pilot bits allows the handset to generate TPC commands sent on the uplink for downlink power control (DLPC). Further-
more, the knowledge of the SNR corresponding to the common pilot bits (CPICH) may be used to estimate the SNR of
the HSDPA data channel (HS-DPCH) which may then be used to select an appropriate coding rate and modulation
value identified by a channel quality indicator (CQlI) value.

[0067] The SNR may be estimated by calculating the ratio between a signal power component and a noise power
component. While the signal power component is specific to each set of control bits (because each set of control bits
may be a assigned a different power allocation which is unknown at the receiver handset), the noise power component
computed from each set of control bits may be related to one another. By combining the multiple noise power components
into a total noise power component, the overall noise power estimate is improved and each SNR estimate is improved,
yielding an improved behavior of the handset.

[0068] FIG. 2B is a block diagram illustrating determination of a first noise power estimate in a WCDMA network, in
accordance with an embodiment of the invention. Referring to FIG. 2B, there is shown a plurality of TPC extraction
fingers for a given radio link (RL), for example, TPC extraction finger i 202b through TPC extraction finger j 204b, a
plurality of summing blocks 206b, 212b, and 216b, a squaring block 214b, and a divider block 2218b.

[0069] In a multipath-fading environment, a receiver structure may assign fingers to the multiple received paths, for
example, TPC extraction finger i 202b and TPC extraction finger j 204b. Those fingers belonging to the same radio link
(RL) set may be summed by the summing block 206b to generate TPC | sum 208b and TPC Q sum 210b. In one
embodiment of the invention, a first noise power estimate may be computed utilizing TPC bits. The i-th received TPC
bit at a given slot and finger j may be expressed by the following equation:

TPC b _V s‘*lh” + real (k) 1) - (74.)

where Stpc may comprise the signal power, s, may comprise the value of the TPC bit and may be either (+1) or (-1).
The value h; may comprise the complex channel gain at finger j, and n; may comprise a complex random variable

representing the noise component of variance denoted by the mathematical expression 1 + I ;lh l . The value
£ 3

l,» may comprise the total transmit power spectral density of the downlink signal at the base station antenna connector.

The value /,, may comprise the power spectral density of a band limited white noise source, which may be simulating

interference from cells, as measured at the UE antenna connector.
[0070] The sign bit on both the | and Q components of the TPC symbol may be the same. Therefore the following
equation may be true for each symbol:

TPC, -TPCy=n,—n, (75)
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num_tpc num _tpc
Since there may be —T— symbols per slot, there may be 2
white Gaussian noise (AWGN) environment, the noise power estimate may be generated according to the following
equation:

noise samples per slot. In an additive

N, .-;:'-_L'_E[mf/z(rpc,, -_Técg, )’] =

num_tpc P

] s

num_tpc =

76)

If the channels are flat fading channels, the noise power estimate may be generated according to the following equation:

2 N (A

[0071] In circumstances when STTD flat fading is present, the noise power estimate may be generated according to
the following equation:

- 2 Y7
A=t )2

(78.)

In circumstances when CL1 flat fading is present, the noise power estimate may be generated according to the following
equation:

A 2 1
N, = whyif -—2=
bt 03

In circumstances when CL2 fading is present, the noise power estimate may be generated according to the following
equation:

~ . I
Ny <[ty wih == (80)

[0072] In operation, TPC bits from all fingers may be summed by the summing block 206b. The resulting TPC Q sum
210b may be subtracted from the TPC | sum 208b by the summing block 212b. The subtracted TPC bits may then be
squared by the squaring block 214b to generate TPC_sqr_diff (k) 215b. The squared difference TPC_sqr_diff (k) 215b
may be summed by the summing block 216b over the number of TPC symbols. The number of TPC symbols per slot
may be equal to num_tpc/2. In this regard, the summing block 216b may generate the sum Ntpc (k) 217b and a new
estimate may be obtained once per slot. The sum Ntpc (k) 217b may be divided by the number of TPC bits using the
divider block 218b in order to generate the first estimate of the noise power Ntpc_norm (k) 220b, according to the
following equation:
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Ntpc_norm (k) = Ntpc (k) / num_tpc

[0073] FIG. 2C is a block diagram illustrating determination of a second noise power estimate in a WCDMA network,
in accordance with an embodiment of the invention. Referring to FIG. 2C, there is shown a plurality of pilot extraction
fingers for a given radio link (RL), for example, pilot extraction finger i 202c¢ through pilot extraction finger j 204c, a
summing block 206c, and a noise power extraction block (NPEB) 212c. In a multipath-fading environment, a receiver
structure may assign fingers to the multiple received paths, for example, pilot extraction finger i 202c and pilot extraction
finger j 204c. Those fingers belonging to the same radio link (RL) set may be summed by the summing block 206¢ to
generate pilot | sum 208c and pilot Q sum 210c. In one embodiment of the invention, a second noise power estimate
may be computed utilizing the pilot bits.

[0074] Within a wireless communication network, a received wireless signal may be modeled as a stationary random
variable. From statistics theory, it follows that if x is a random variable, then its variance may be computed utilizing the
following equation:

o? = E v[(x'— E [x])z] =E I:Jc2 ] - (E [.7c])2

(81.)

Consequently, the noise power of a received signal may be computed by estimating the variance of the received signal.
[0075] Inoperation, pilot bits from all fingers 202c, ..., 204c may be summed by the summing block 206c. The resulting
pilot Q sum 210c and the pilot | sum 208c may be communicated to the noise power extraction block (NPEB) 212c. The
NPEB 212c may calculate the second noise power estimate using, for example, the variance of the received wireless
signal.

[0076] FIG. 2D is a block diagram of a noise power extraction block, which may be used in accordance with an
embodiment of the invention. Referring to FIG. 2D, the NPEB 212c may comprise multiplying blocks 206d, 208d, and
230d, and a plurality of summing blocks 210d, 212d, 214d, 216d, 232d, 226d, and 236d. The NPEB 212c may further
comprise a plurality of squaring blocks 218d, 220d, and 228d, and divider blocks 222d, 224d, and 234d.

[0077] In circumstances when non-diversity flat fading is present, the soft value of each of the dedicated pilot bits at
each slot may be obtained from the receiving user equipment utilizing a dedicated DPCH control message. The i-th pilot
symbol may be represented by the following equation:

7= %ﬁ;(z&“ jOSeq)|Hft +nh" @)

where Spep comprises the transmit signal power, 1Seq and QSeq comprise transmitted | and Q sequences, /569+QSeq
comprises a pilot symbol, h comprises the channel gain at the finger i, and "i comprises the noise of the signal received
atthe user equipment. The number of dedicated pilot bits per slot may be denoted by num_ded, which may resultin num_ded/2
pilot symbols per slot.

[0078] Referringto FIGS. 2C and 2D, the pilot | sum 208c and the pilot Q sum 210c communicated from the summing
block 206¢ to the NPEB 212c may be expressed using the following equations:

I= /_‘?_-’;ﬂlzsm W[ + Re(nh")

and
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Q DED “DEL OSeq |h| +Im(n,h)
(83.)

After the pilot | sum 208c and the pilot Q sum 210c are communicated to the NPEB 212c, each pilot sum 208c and 210c
is multiplied by its own sequence | Seq 238d and Q Seq 240d, respectively, to remove phase rotation, using the multiplying
blocks 206d and 208d. The | and Q post-derotation components may be expressed using the following equations:

=, %ﬂ | +Re(r")iSeq = %ﬂ’- o+,

and

Q DED |h| +1m(n i )QSeq = ,/%ﬁlqh]’mg

(84.)

where "/ and "Q comprise the noise components on the | and Q branches, for which power may be estimated.

[0079] In one embodiment of the invention, the second noise power estimate may be calculated using the subtraction
of the mean of the received signal to the square (E[x])2 from the mean of the received signal power E[x2]. The | and Q
post-derotation components may be summed by the summing blocks 210d and 212d, respectively, over num_dedi2_ The
summed | and Q post-derotation components may then be normalized by the divider blocks 222d and 224d, respectively.
For example, the divider blocks 22d and 224d may divide the summed | and Q post-derotation components by num_ded/2
to achieve normalization. The outputs of the divider blocks 222d and 224d may be denoted as meanl 242d and meanQ
244d and may be expressed using the following equations:

. ] = DED h . E : .
mea_n -—. | _l l +—/ ‘ n, (1)

and

L DED L ‘ |
meanQ_ 'h, p— ded/zzng(l) - R s (85)

[0080] Referring back to equation (81), the mean of the received signal to the square (E[x])2 may be computed using
the following equation:

(E [x])z = K -(meanl +meanQ)2i (86.)

where K may comprise a scaling factor, which may be based on a hardware constant. The computation of
(meanl+meanQ)? may be performed by the summing block 226d and the squaring block 228d, and the multiplication
by the scaling factor K may be performed by the multiplying block 230d.

[0081] Theland Q post-derotation components may be squared by the squaring blocks 218d and 220d, respectively.
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The squared components may be expressed by the following equations:

: — 2
1 =| 222 b+

and

. ' 2
0 =g .
(87.)

The squared components 12 and Q2 may be summed by the summing blocks 214d and 216d, respectively, "um_dedi2 The
summed squared components may then be combined by the summing block 232d. The combined output of the summing
block 232d may be normalized by the divider block 234d. For example, the divider block 234d may divide the combined
output of the summing block 232d by num_ded/2 to achieve normalization, thereby generating the mean meansq 246d of
the received signal power E [x2]. The meansq 246d may be expressed using the following equation:

num_ded/2 num_ded /2

mec-msq=;—m—l:—a;;( ; If(i)+ ; Qz(i))

(88)

[0082] Referring again to equation (81), the mean of the received signal power E[x2] may be computed using the
following equation:

B[+ = meansg (89.)

In addition, it may follow from equation (81) that noise power may be calculated by subtracting the mean of the received
signal to the square (E[x])2 from the mean of the received signal power E[x2], using the summing block 236d. In this
regard, the second noise power estimate Npilot 248d may be calculated using the following equation:

'Npilot = meansq — K -(meanl + meanQ)’ | o (90.)

[0083] FIG. 2E is a block diagram illustrating determination of a total noise power estimate, in accordance with an
embodiment of the invention. Referring to FIG. 2E, there is illustrated a summing block 204e and multiplying blocks
202e and 206e. In another embodiment of the invention, the first noise power estimate Ntpc 220b and the second noise
power estimate Npilot 248d may be combjned using the summing block 204e and the multiplying blocks 202e and 206e
to obtain the total noise power estimate N 214e. In this regard, the second noise power estimate Npilot 248d may be
scaled by a scaling factor A using the multiplying block 202e. The scaled result may be added to the first noise power
estimate Ntpc 220b using the summing block 204e. The resulting sum 212e may be divided by two using the multiplying
block 206e. The total noise power estimate N 214e may be expressed using the following equation:

(4R )12

(91.)

[0084] Even though noise power may be computed using TPC and/or pilot bits, the present invention may not be so
limited. The noise power may also be computed using, for example, CPICH bits according to similar methods as described
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herein. In instances when three noise estimates are available, the total noise power estimate N may be calculated using
the following equation:

(92.)

[0085] FIG. 3 is a flowchart illustrating exemplary steps for determining a total noise power estimate in a WCDMA
network, in accordance with an embodiment of the invention. Referring to FIGS. 2B, 2C, 2D, 2E, and 3, at 302, a first
noise power estimate Ntpc 220b may be calculated for a downlink dedicated physical channel (DPCH) based on a
plurality of transmit power control (TPC) bits received by a transceiver via the downlink DPCH and extracted via fingers
202b, ..., 204b. A value of at least one of the plurality of TPC bits may not be known when the at least one of the plurality
of TPC bits is received. At 304, the NPEB 212c may calculate a second noise power estimate Npilot 248d of the downlink
DPCH based on a plurality of pilot bits received by the transceiver via the downlink DPCH and extracted via fingers
202c, ..., 204c. At 306, the second noise power estimate Npilot 248d may be scaled by the multiplying block 202e utilizing
a scaling factor A. At 308, the first noise power estimate Ntpc 220b and the scaled noise power estimate Npilot 248d
may be summed by the summing block 204e to generate a combined noise power estimate. The combined noise power
estimate 212e may be divided by two using the multiplying block 206e. At 310, the transmit power of the transceiver
may be adjusted when the transceiver communicates via at least one uplink communication path based on the combined
noise power estimate 214e.

[0086] Referring to FIG. 1A, in one embodiment of the invention, a total noise power estimate for a downlink channel
RL1 may be calculated based on a plurality of control channel bits from a plurality of different types of control channels.
The plurality of control channel bits may comprise at least two of: dedicated physical channel (DPCH) transmit power
control (TPC) bits, DPCH pilot bits, and common pilot channel (CPICH) bits. A first noise power estimate may be
calculated for the downlink channel RL1 based on a plurality of the DPCH TPC bits. A value of at least one of the plurality
of DPCH TPC bits may not be known when the at least one of the plurality of DPCH TPC bits is received. A second
noise power estimate may be calculated for the downlink channel RL1 based on a plurality of the DPCH pilot bits. The
total noise power estimate may be calculated for the downlink channel RL1 based on the calculated first noise power
estimate and the calculated second noise power estimate.

[0087] The calculated second noise power estimate may be scaled utilizing a scaling factor that is function of a number
of TPC bits per slot to yield a scaled second noise power estimate. The first noise power estimate and the scaled second
noise power estimate may be summed to yield the total noise power estimate. A third noise power estimate may be
calculated for the downlink channel RL1 based on a plurality of the CPICH bits. The total noise power estimate may be
calculated for the downlink channel RL1 based on the calculated first noise power estimate, the calculated second noise
power estimate, and the calculated third noise power estimate. Transmit power of a transmitter may be adjusted when
the transmitter communicates via the downlink channel RL1 based on the total noise power estimate.

[0088] Portions of the plurality of DPCH TPC bits that are received via the downlink channel to generate an in-phase
(I) component and a quadrature (Q) component. The generated | component and the generated Q component may be
subtracted to determine the first noise power estimate for the downlink channel. The subtracted | component and the
generated Q component may be squared to determine the first noise power estimate for the downlink channel. The
squared | component and the generated Q component may be summed over a plurality of TPC symbols to determine
the first noise power estimate for the downlink channel. The plurality of TPC symbols is one half of the plurality of DPCH
TPC bits per slot of the downlink channel. A norm of the summed | component and the generated Q component may
be calculated by dividing the sum of the squared | component and the generated Q component by a number of the
plurality of DPCH TPC bits per slot of the downlink channel to determine the first noise power estimate for the downlink
channel. 13. A mean of the plurality of DPCH pilot bits that are received via the downlink channel may be calculated to
yield a mean square estimate. A mean of a power of the plurality of DPCH pilot bits that are received via the downlink
channel may be calculated to yield a mean power estimate. The mean square estimate may be subtracted from the
mean power estimate to determine the second noise power estimate for the downlink channel.

[0089] Another embodiment of the invention may provide a machine-readable storage having stored thereon, a com-
puter program having at least one code section for signal processing, the at least one code section being executable
by a machine for causing the machine to perform steps as disclosed herein.

[0090] Accordingly, aspects of the invention may be realized in hardware, software, firmware or a combination thereof.
The invention may be realized in a centralized fashion in at least one computer system or in a distributed fashion where
different elements are spread across several interconnected computer systems. Any kind of computer system or other
apparatus adapted for carrying out the methods described herein is suited. A typical combination of hardware, software
and firmware may be a general-purpose computer system with a computer program that, when being loaded and
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executed, controls the computer system such that it carries out the methods described herein.

[0091] One embodiment of the present invention may be implemented as a board level product, as a single chip,
application specific integrated circuit (ASIC), or with varying levels integrated on a single chip with other portions of the
system as separate components. The degree of integration of the system will primarily be determined by speed and
cost considerations. Because of the sophisticated nature of modem processors, it is possible to utilize a commercially
available processor, which may be implemented external to an ASIC implementation of the present system. Alternatively,
ifthe processor is available as an ASIC core or logic block, then the commercially available processor may be implemented
as part of an ASIC device with various functions implemented as firmware.

[0092] The invention may also be embedded in a computer program product, which comprises all the features enabling
the implementation of the methods described herein, and which when loaded in a computer system is able to carry out
these methods. Computer program in the present context may mean, for example, any expression, in any language,
code or notation, of a set of instructions intended to cause a system having an information processing capability to
perform a particular function either directly or after either or both of the following: a) conversion to another language,
code or notation; b) reproduction in a different material form. However, other meanings of computer program within the
understanding of those skilled in the art are also contemplated by the present invention.

[0093] While the invention has been described with reference to certain embodiments, it will be understood by those
skilled in the art that various changes may be made and equivalents may be substituted without departing from the
scope of the present invention. In addition, many modifications may be made to adapt a particular situation or material
to the teachings of the present invention without departing from its scope. Therefore, it is intended that the present
invention not be limited to the particularembodiments disclosed, but that the presentinvention willinclude allembodiments
falling within the scope of the appended claims.

Claims

1. A method for signal processing, the method comprising calculating a total noise power estimate for a downlink
channel based on a plurality of control channel bits from a plurality of different types of control channels, wherein
said plurality of control channel bits comprises dedicated physical channel, DPCH, transmit power control, TPC,
bits, DPCH pilot bits, and common pilot channel, CPICH, bits.

2. The method according to claim 1, further comprising calculating a first noise power estimate for said downlink
channel based on a plurality of said DPCH TPC bits, wherein a value of at least one of said plurality of DPCH TPC
bits is not known when said at least one of said plurality of DPCH TPC bits is received.

3. The method according to claim 2, further comprising calculating a second noise power estimate for said downlink
channel based on a plurality of said DPCH pilot bits.

4. The method according to claim 3, further comprising calculating said total noise power estimate for said downlink
channel based on said calculated first noise power estimate and said calculated second noise power estimate.

5. The method according to claim 4 further comprising:

scaling said calculated second noise power estimate utilizing a scaling factor that is function of a number of
TPC bits per slot to yield a scaled second noise power estimate; and

summing said first noise power estimate and said scaled second noise power estimate to yield said total noise
power estimate.

6. A system for signal processing, the system comprising circuitry that enables calculation of a total noise power
estimate for a downlink channel based on a plurality of control channel bits from a plurality of different types of
control channels, wherein said plurality of control channel bits comprises dedicated physical channel DPCH, transmit
power control, TPC, bits, DPCH pilot bits, and common pilot channel, CPICH, bits.

7. The system according to claim 6, wherein said circuitry enables calculation of a first noise power estimate for said
downlink channel based on a plurality of said DPCH TPC bits, wherein a value of at least one of said plurality of

DPCH TPC bits is not known when said at least one of said plurality of DPCH TPC bits is received.

8. The system according to claim 7, wherein said circuitry enables calculation of a second noise power estimate for
said downlink channel based on a plurality of said DPCH pilot bits.
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Patentanspriiche

1.

Verfahren zur Signalverarbeitung, wobei das Verfahren das Berechnen einer Gesamt-Rauschleistungsschatzung
fir einen Downlink-Kanal basierend auf einer Vielzahl von Steuerkanal-Bits aus einer Vielzahl von unterschiedlichen
Arten von Steuerkanalen umfasst, wobei die Vielzahl von Steuerkanal-Bits Dedicated Physical Channel, DPCH,
Transmit Power Control, TPC, -Bits, DPCH Pilotbits und Common Pilot Channel, CPICH, -Bits aufweist.

Verfahren nach Anspruch 1, das des Weiteren das Berechnen einer ersten Rauschleistungsschatzung fir den
Downlink-Kanal basierend auf einer Vielzahl der DPCH TPC -Bits umfasst, wobei ein Wert wenigstens eines der
Vielzahl von DPCH TPC -Bits nicht bekannt ist, wenn das wenigstens eine der Vielzahl von DPCH TPC -Bits
empfangen wird.

Verfahren nach Anspruch 2, das des Weiteren das Berechnen einer zweiten Rauschleistungsschéatzung fur den
Downlink-Kanal basierend auf einer Vielzahl der DPCH Pilotbits umfasst.

Verfahren nach Anspruch 3, das des Weiteren das Berechnen der Gesamt-Rauschleistungsschatzung fir den
Downlink-Kanal basierend auf der berechneten ersten Rauschleistungsschatzung und der berechneten zweiten
Rauschleistungsschatzung umfasst.

Verfahren nach Anspruch 4, das des Weiteren umfasst:

Skalieren der berechneten zweiten Rauschleistungsschatzung mittels eines Skalierungsfaktors, der eine Funk-
tion einer Anzahl von TPC-Bits pro Schlitz ist, um eine skalierte zweite Rauschleistungsschatzung zu erzeugen;
und

Addieren der ersten Rauschleistungsschatzung und der skalierten zweiten Rauschleistungsschatzung, um die
Gesamt-Rauschleistungsschatzung zu erzeugen.

System zur Signalverarbeitung, wobei das System eine Schaltung aufweist, die die Berechnung einer Gesamt-
Rauschleistungsschatzung fiir einen Downlink-Kanal basierend auf einer Vielzahl von Steuerkanal-Bits aus einer
Vielzahl von unterschiedlichen Arten von Steuerkanélen umfasst, wobei die Vielzahl von Steuerkanal-Bits Dedicated
Physical Channel, DPCH, Transmit Power Control, TPC, -Bits, DPCH Pilotbits und Common Pilot Channel, CPICH,
-Bits aufweist.

System nach Anspruch 6, wobei die Schaltung die Berechnung einer ersten Rauschleistungsschatzung fir den
Downlink-Kanal basierend auf einer Vielzahl der DPCH TPC -Bits umfasst, wobei ein Wert wenigstens eines der
Vielzahl von DPCH TPC -Bits nicht bekannt ist, wenn das wenigstens eine der Vielzahl von DPCH TPC -Bits
empfangen wird.

System nach Anspruch 7, wobei die Schaltung die Berechnung einer zweiten Rauschleistungsschéatzung fir den
Downlink-Kanal basierend auf einer Vielzahl der DPCH Pilotbits umfasst.

Revendications

Procédé de traitement de signaux, le procédé comprenant le calcul d’'une estimation de puissance de bruit totale
pour un canal descendant d’aprés une pluralité de bits de canal de commande a partir d’'une pluralité de différents
types de canaux de commande, dans lequel ladite pluralité de bits de canal de commande comprend des bits de
commande de puissance de transmission TPC de canal physique dédié DPCH, des bits pilotes de DPCH, et de
bits de canal pilote commun CPICH.

Procédé selon la revendication 1, comprenant également le calcul d’'une premiére estimation de puissance de bruit
pour ledit canal descendant d’aprés une pluralité desdits bits de TPC de DPCH, dans lequel une valeur d’au moins
un bit de ladite pluralité de bits de TPC de DPCH n’est pas connue quand est regu ledit au moins un bit de ladite
pluralité de bits de TPC de DPCH.

Procédé selon la revendication 2, comprenant également le calcul d’'une seconde estimation de puissance de bruit
pour ledit canal descendant d’aprés une pluralité desdits bits pilotes de DPCH.
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Procédé selon la revendication 3, comprenant également le calcul de ladite estimation de puissance de bruit totale
pour ledit canal descendant d’aprés ladite premiére estimation de puissance de bruit calculée et ladite seconde
estimation de puissance de bruit calculée.

Procédé selon la revendication 4, comprenant également :

la mise a I'échelle de ladite seconde estimation de puissance de bruit calculée en utilisant un facteur de mise
aI'échelle dépendant d’'un nombre de bits de TPC par intervalle de temps pour donner une seconde estimation
de puissance de bruit mise a I'échelle ; et

'addition de ladite premiere estimation de puissance de bruit et de ladite seconde estimation de puissance de
bruit mise a I'échelle pour donner ladite estimation de puissance de bruit totale.

Systéme de traitement de signaux, le systéme comprenant un circuit permettant le calcul d’une estimation de
puissance de bruit totale pour un canal descendant d’aprés une pluralité de bits de canal de commande a partir
d’une pluralité de différents types de canaux de commande, dans lequel ladite pluralité de bits de canal de commande
comprend des bits de commande de puissance de transmission TPC de canal physique dédié DPCH, des bits
pilotes de DPCH, et des bits de canal pilote commun CPICH.

Systéme selon la revendication 6, dans lequel ledit circuit permet le calcul d’une premiére estimation de puissance
de bruit pour ledit canal descendant d’aprés une pluralité desdits bits de TPC de DPCH, dans lequel une valeur
d’au moins un bit de ladite pluralité de bits de TPC de DPCH n’est pas connue quand est regu ledit au moins un bit
de ladite pluralité de bits de TPC de DPCH.

Systéme selon la revendication 7, dans lequel ledit circuit permet le calcul d’'une seconde estimation de puissance
de bruit pour ledit canal descendant d’aprés une pluralité desdits bits pilotes de DPCH.
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Start

Calculate a first noise power estimate for a downlink
dedicated physical channel (DPCH) based on a plurality
of transmit power control (TPC) bits received by a
transceiver via the downlink DPCH.

302

|/

Calculate a second noise power estimate of the downlink
DPCH based on a plurality of pilot bits received by the
transceiver via the downlink DPCH.

304

Scale the second noise power estimate utilizing a scaling
factor.

306

Sum the first noise power estimate and the scaled second
noise power estimate to generate a combined noise
power estimate.

308

Adjust the transmit power of the transceiver when the
transceiver communicates via at least one uplink
communication path based on the combined noise power
estimate.

310

|/

FIG. 3
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